HiC technology has revealed many details about the eukaryotic genome's complex 3D architecture. It has been shown that the genome is separated into organizational structures which are associated with gene expression. However, to the best of our knowledge, no studies have quantitatively measured the level of gene expression in the context of the 3D genome.
from HiC data (Figure 1) , where a gene is mapped to all of its overlapping loci (Supplementary Figure S1 ), and its 48 spatial proximity to another gene is calculated as the summary of all of the loci pairs the two gene covers (Methods). can be observed at each gene. (b) A spatial gene network is inferred from HiC data. Each gene is treated as a node in the network. An edge exists between two genes if the spatial interaction frequency between loci overlapping with the two genes is higher than a threshold. See Methods for detailed description of the network inference. The triangular HiC heat map is generated using the 3D genome browser [28] with data from Rao et al [17] . 49 Our Poisson Hierarchical Markov Random Field (PhiMRF) model is briefly described below (For a detailed description, 50 see Methods and Supplementary Methods). Let Y ik be the random variable connected with the RNA-seq count for 51 gene i (located at location s i ) from sample k, i = 1, 2, . . . , n; k = 1, 2, . . . , M . Y ik is modelled with a Poisson 52 distribution [29], with its parameter λ i , i.e. Y ik ∼ Poisson(λ i ). Let w i = log(λ i ). We conditionally specify the 53 distribution for w i as,
where N i is the set of locations neighboring s i : N i = {s j : s j is a neighbor of s i } and w(N i ) = {w j : s j is a neighbor of s i }. Equation 1 is a conditionally specified model, its mean is further modelled as in Equation 2:
(2) Throughout this study, the posterior distribution of η helps us to understand the strength of the spatial dependency. The This is a confirmation for the efficacy of our model as it suggests that the linear dependency in gene expression is stable 87 and detectable, in line with our existing perception of the transcription mechanism. All chromosomes have comparable 88 estimated basal expression rates and conditional variance ( Supplementary Table S1 ). The large estimated conditional 89 variance is indicative of the large variation in gene expression within a chromosome. Figure S2 ). To further investigate the genes within TADs, we isolated those edges that are 100 located within TADs as well, i.e. interactions that connect two genes within the same TAD. About half of the degree for while only nine chromosomes show positive spatial dependency when including both intra-TAD and inter-TAD edges. 106 We also ran the model on TAD genes with only inter-TAD edges, to rule out the possibility that the difference in SIE is 107 due the number of edges in the network. The dataset using inter-TAD edges display similar results as the dataset using 108 all edges (Supplementary Figure S3 ). We therefore conclude that for some chromosomes, limiting the interactions to Next we tested the hypothesis that spatial dependency of gene expression is correlated with the function of the genes.
149
Evidence suggest that co-functioning genes tend to cluster in space, and function is closely correlated with expression 150 levels, since co-functioning genes sometimes need to be co-transcribed [39, 22] .
151
Having developed the PhiMRF framework to understand the relationship between expression and spatial organization, 152 we can apply it to any group of genes, to see whether spatial dependency is particularly strong for certain functions, The interpretation of these positive results is the interplay of the three important factors of a gene: its spatial location, 164 its expression level and its function. A positive SIE for a functional gene group means that genes that are part of this 165 particular biological process have co-dependent expression levels based on their spatial locations. In order for these 166 genes to carry out the same function together, regulation of the expression of these genes takes advantage of the 3D 167 genome structure. Table S7 ), summing to a total of 10,812 DE genes. The HiC network structures for the two cell lines are also different. 173 We acquired the combined HiC contact matrices containing both primary and replicate HiC experiments. Under the 174 same edge inference criteria (Methods), the GM12878 HiC networks contains about twice more edges than the IMR90 175 networks ( Supplementary Table S7 ). Edges in GM12878 covers all of the edges in IMR90 while adding a lot more 176 others, giving the networks much higher density ( Supplementary Figures S7a and S7b, top) .
Bayesian Inference

244
The goal of our Bayesian framework is to simulate from the posterior distributions p(α|y), p(η|y) and p(τ 2 |y). The properties of these distributions directly answer the biological questions from which we abstracted the stochastic model.
The overall strategy is to simulate from the joint posterior distribution of p(α, η, τ 2 , w|y) using a Gibbs sampler, where we sequentially simulate from each of the full conditional posteriors of our parameters as follows.
p(α|w, η, τ 2 , y) ∝ π(α)g(w, α, η, τ 2 ), p(η|w, α, τ 2 , y) ∝ π(η)g(w, α, η, τ 2 ), p(τ 2 |w, α, η, y) ∝ π(τ 2 )g(w, α, η, τ 2 ),
where π(α), π(η) and π(τ 2 ) are Uniform prior distributions, f (y|w) is the Poisson distribution for observed data y, 245 and g(w|α, η, τ 2 ) is the marginal distribution for w. Prior distributions The prior used for α is a Uniform distribution U (−10, 10). The prior used for η is a Uniform 251 distribution over the parameter space of η. The parameter space of η is directly calculated from the neighborhood 252 adjacency matrix, as the inverse maximum and minimum of its eigenvalues (Supplementary Methods). We assume 253 that τ follows a prior uniform distribution U (0, 10) and derive the prior distribution for τ 2 in the model as π(τ 2 ) = 254 1 20τ 1(0 < τ 2 < 100).
of proteins they directly annotate. These leaf annotations are directly curated from published experiments, which is 300 evidence that these terms are of interest to some researchers. 
